SUMMARY Four patients with salt-losing congenital adrenal hyperplasia (CAH) who had stopped mineralocorticoid therapy for several years, showed raised plasma concentrations of 170H-progesterone and plasma renin activity, despite adequate glucocorticoid therapy. One patient was able to reduce urinary sodium excretion when the sodium intake was restricted. Another patient who was a salt-loser, developed signs of an adrenal crisis when salt deprived. In comparison, one nonsalt-loser and 2 normal subjects decreased urinary sodium excretion in response to sodium restriction. The addition of fludrocortisone (100 jig) to usual maintenance doses of glucocorticoid, resulted in normal levels of plasma 170H-progesterone and plasma renin activity in all 4 salt-losers. Two female salt-losers, with raised plasma testosterone concentrations, began menstruating when their plasma testosterone concentrations returned to normal after treatment with fludrocortisone. It is recommended that salt-losing CAH patients should be given mineralocorticoid, in addition to glucocorticoid therapy, at least until adult life.
About one-third to one-half of patients with congenital adrenal hyperplasia (CAH) due to C21-hydroxylase enzyme deficiency are salt-losers. This loss occurs within the first 2 weeks of life and patients require immediate mineralocorticoid replacement. However, they appear to require less salt later and it has been suggested that mineralocorticoid therapy can be discontinued at age 4 years (Newns, 1974) . There is evidence that this regimen will lead to inadequate control in these patients. A pronounced increase in plasma concentrations of 170H-progesterone and plasma renin activity occurs in some salt-losers, in spite of apparently adequate glucocorticoid replacement (Hughes and Winter, 1976; Grant et al., 1977) . The consequences of persistent raised levels of plasma steroid precursors are unknown. A group of salt-losing CAH patients, in whom mineralocorticoid treatment had been discontinued for several years, was studied to evaluate the metabolic responses to a restricted sodium diet and the reintroduction of mineralocorticoid therapy.
Patients and methods
Six patients with CAH due to C21-hydroxylase deficiency were initially included in the study. One boy, however, developed a salt-losing crisis as a result of gastroenteritis. Mineralocorticoid treatment was restarted and he was excluded from the study. Clinical details of the remaining patients are shown in Table 1 . The salt-losers had hyponatraemic dehydration and hyperkalaemia soon after birth. They were treated with hydrocortisone (or cortisone acetate), fludrocortisone, and supplemental salt in the milk feeds. For comparison, a 13-year-old girl with nonsalt-losing CAH and two female student dietitians without evidence of endocrine disease were also studied.
Dietary histories were recorded for each patient, with particular reference to sodium intake. Patients were maintained on their usual doses of glucocorticoid during the study. Venous blood was collected between 0900 and 1000 hours for determination of 4 pg/tube. The intra-assay and interassay coefficients of variation were less than 6 3 and 11 9 % respectively. Apart from 1 1-deoxycortisol (1 -8 %) and 21-deoxycortisol (1 6 Y.), the crossreactivity of the antiserum with numerous other corticosteroids, including progesterone, was less than 0-1%. Plasma testosterone was measured by radioimmunoassay as previously described (Hillier et al., 1973) . Plasma renin activity was measured by radioimmunoassay of the angiotensin I generated after standard incubation of plasma (Haber et al., 1969) . The mean level of plasma renin activity in healthy ambulant adults was 1 17 ±0 5 SEM ng/ml per hour.
Results
When studied, all salt-losers were taking more than 200 mmol sodium per day in their diet apart from table salt added to food. The results of baseline studies performed while on this sodium intake are shown in Table 2 . The mean plasma 170H-progesterone concentration in salt-losers was markedly raised, despite a hydrocortisone dose in the range of 20-32 mg/M2 per day (mean dose 25 mg/M2 per day). Two female salt-losers showed raised plasma testosterone concentrations and plasma renin activity was increased in all salt-losers. In comparison, the nonsalt-loser had normal plasma 170H-progesterone and testosterone concentrations and a slightly raised plasma renin activity. All values were normal in the control subjects. The effects of sodium restriction in the control subjects and the nonsaltloser (Case 5) are shown in Fig. 1 . All showed a slight increase in plasma 170H-progesterone concentrations and a rise in plasma renin activity, which was more pronounced in the nonsalt-loser. Urinary sodium excretion decreased to approximately 20 mmol/day in all 3 subjects in response to sodium restriction. Results obtained in one salt-loser (Case 1) are shown in Fig. 2 . This patient was also able to reduce urinary sodium excretion, but the increases in plasma renin activity and plasma 170H-progesterone were more pronounced. Fig. 3 shows the results obtained in two other salt-losers (Cases 2 and 4). Plasma 170H-progesterone concentrations in both patients were markedly raised before the dietary period and increased further after sodium restriction. Neither patient was able to suppress urinary sodium excretion in response to a low sodium intake, nor was there an apparent change in levels of plasma renin activity. Unfortunately, neither patient in this instance was sampled for plasma renin activity in the standing position (Haber et al., 1969) . The 4th salt-loser (Case 3) did not tolerate the diet (Fig. 4) . Plasma 170H-progesterone during this time. The mean plasma 1 70H-progesterone concentration was now less than 30 nmol/l (9 *4 ng/ml), considered normal for adequately treated CAH patients (Chaussain et al., 1974; Hughes, 1977) . Plasma testosterone concentrations and levels of plasma renin activity were also normal. During this time, 2 female salt-losers had started menstruating.
Discussion
This study confirms the suggestion that older children with salt-losing CAH can tolerate a reduction or even a cessation in mineralocorticoid treatment. However, this is compensated for by a high salt intake. The excessive sodium intake may be harmful over a long period. In their study of 3 children with hypoaldosteronism, Hamilton et al. (1976) suggested that in the face of sodium depletion, continuing a high sodium intake may have the effect of producing a high filtered water load in the kidney. This may in turn reduce renin production and hence the stimulus for aldosterone secretion. In such a situation, it is more rational to increase sodium reabsorption using a salt-retaining hormone. A high salt intake in childhood may be associated with the subsequent development of hypertension in adult life (Rose, 1977) . In this study, persistent salt depletion was suggested by increased levels of plasma renin activity in all but one of the salt-losers, despite normal serum electrolytes. This agrees with previous observations that measurement of plasma renin activity is an extremely sensitive index of sodium balance in salt-wasting disorders such as CAH (Dillon and Ryness, 1975; Hughes and Winter, 1977) . All the salt-losers showed markedly raised plasma concentrations of 1 70H-progesterone, indicating poor control, although they were receiving a hydrocortisone dose (25 mg/M2 per day) considered appropriate for maintenance therapy (Brook et al., 1974; Hughes and Winter, 1976). Limal et al. (1977) have also recently demonstrated raised concentrations of plasma renin activity, 170H-progesterone, and aldosterone in a group of saltlosers treated only with hydrocortisone. Two female salt-losers in our study had increased plasma concentrations of testosterone. This was not surprising in view of the significant correlation between plasma concentrations of 1 70H-progesterone and testosterone in prepubertal and adolescent female CAH patients (Hughes and Winter, 1978) . Persistently raised plasma testosterone concentrations in adolescent girls may result in menstrual disorders and possibly in reduced fertility (Kirkland et al., 1974) . It may not have been mere coincidence, therefore, that these two female salt-losers started menstruating after fludrocortisone therapy and a return to normal plasma testosterone concentrations.
Salt restriction exaggerated mineralocorticoid deficiency in these salt-losers. The nonsalt-loser (Case 5) and one salt-loser (Case 1) were both able to reduce urinary sodium excretion in response to a low sodium diet, although compared with the controls, they both showed a greater rise in plasma renin activity. Two other salt-losers in our study (Cases 2 and 4) failed to suppress urinary sodium excretion while on the diet. Their high plasma 170H-progesterone concentrations increased still further, but no rise in plasma renin activity was demonstrated owing to an error in sampling technique. Salt restriction precipitated an adrenal crisis in one patient (Case 3) who required parenteral saline therapy. This patient and the boy excluded from the study because of an episode of gastroenteritis are examples of a severer degree of salt-wasting. The results suggest a variable degree of salt deficiency even within the small group of salt-losers examined in this study. Some patients are at serious risk of developing a life-threatening adrenal crisis if their salt intake is restricted.
What factors contribute to poor control in these salt-losing patients? There is evidence that infusion of angiotensin II (a polypeptide stimulated by increased plasma renin activity) can directly stimulate ACTH release in normal subjects (Rayyis and Horton, 1971) . A recent study of sodium balance in CAH showed a significant correlation between plasma concentrations of ACTH and plasma renin activity (Rosler et al., 1977) . The degree of ACTH stimulation was proportional to the amount of sodium loss. Salt depletion may itself result in chronic 'stress' and an enhanced ACTH production. The effect of increased ACTH production from whatever cause is an increased secretion of adrenal steroid precursors in CAH-such as progesterone, 170H-progesterone, and 160H-progesterone. These corticosteroids, when secreted in excess, have natriuretic activity in humans (Janoski, 1977) . Their sodium-losing effect is probably through a competitive inhibition of aldosterone in the renal tubule, which explains the increased aldosterone production rates documented in nonsalt-losing CAH patients (Bartter et al., 1968) .
In our patients, adding fludrocortisone to their treatments resulted in normal plasma concentrations of 1 70H-progesterone, testosterone, and plasma renin activity. The dose of fludrocortisone (100 ,tg) would not have provided sufficient glucocorticoid effect to account for this improvement. It must be concluded, therefore, that as glucocorticoid therapy remained unchanged throughout this study, these salt-losers were chronically salt depleted and improved after mineralocorticoid therapy. Grant et al. (1977) 
